Laminin expression and the subsequent deposition of a basement membrane by primitive endoderm cells is necessary for early mammalian development. We demonstrate that the transcription factors COUP-TF I and II are up-regulated in primitive endoderm cells faster than LAMB1 and LAMC1, and that either COUP-TF is suf®cient to induce expression of these laminin genes. q
Results and discussion
The basement membrane (BM) deposited between the primitive endoderm (PrE) and epiblast of mammalian blastocysts regulates the differentiation of epiblast cells and proamniotic cavity formation (Coucouvanis and Martin, 1995; Smyth et al., 1999; Murray and Edgar, 2000) . The laminin and other proteins that form this BM are synthesized by the PrE cells (Dziadek and Timpl, 1985) , but the factors regulating laminin expression in PrE cells as they differentiate from embryonic stem (ES) cell precursors are unknown. Insight into PrE differentiation has been gained with F9 embryonal carcinoma (EC) cells, which unlike differentiating ES cells, require retinoic acid (RA) to induce laminin expression by activation of the Ras-MAP kinase pathway (Verheijen et al., 1999) . However, the immediate early genes induced by RA that are necessary for its indirect regulation of laminin expression remain to be established (Wang and Gudas, 1988) . While it has been demonstrated that retinoic acid can induce expression of the genes coding for the COUP-TF transcription factors in EC cells (BenShushan et al., 1995) , the expression of COUP-TFs I and II in differentiating PrE cells and their relationship to laminin gene expression has not been investigated.
Embryoid bodies (EBs) composed of differentiating ES cells have been used to investigate endodermal cell differentiation (Robertson, 1987) . The peripheral cells of day 1 EBs were morphologically indistinguishable from the inner core cells (Fig. 1A) , but by day 2 the outer cells had elongated to resemble PrE cells (Fig. 1B) , displaying a spindleshaped morphology and intense staining with toluidine blue (Hogan and Tilly, 1978; Nadijcka and Hillman, 1974) . Additionally, by day 2 these cells had begun to express laminin immunoreactivity (Fig. 1D ). Whole-mount in situ hybridization con®rmed laminin gene expression at this time ( Fig. 2C) , and also demonstrated that the PrE cells expressed high levels of COUP-TF1 ( Fig. 2A) and COUP-TF-II (Fig. 2B) . In order to verify that the COUPTFs are also expressed in vivo, RT-PCR was used to show that both COUP-TFI and COUP-TFII mRNAs are present in E3.5 blastocysts (Fig. 3B) , at which stage a layer of PrE cells has been shown to have developed on the surface of the inner cell mass (Nadijcka and Hillman, 1974) . Furthermore, whole-mount in situ hybridization localized COUP-TFI expression to this position (Fig. 2D) .
To investigate the kinetics of expression of the genes coding for laminin subunits and the COUP-TFs, we performed RT-PCR analysis on undifferentiated ES cells, day 2 and day 4 EBs. None of these genes were expressed in undifferentiated ES cells, but they were induced in PrE cells by day 2 (Fig. 3A) . However, whereas the levels of both COUP-TFs were maximal at day 2, those of the laminin genes increased further by day 4 (Fig. 3A) .
Given that the maximal expression of COUP-TFs are expressed prior to the genes coding laminin subunits, we wished to determine if these transcription factors can regulate laminin gene expression. Although it has been shown that knockouts of individual COUP-TFs result in later phenotypes and do not apparently affect PrE cell differentiation (Pereira et al., 1999; Qiu et al., 1997) , our demonstration that both COUP-TFs are expressed in PrE cells ( Fig.  2A,B ) and the fact that they are able to transactivate the same target genes (Power and Cereghini, 1996) indicates that they may have redundant effects. RT-PCR analysis showed that cells transfected with a GFP control vector did not express COUP-TFI, COUP-TFII or LAMC1, and expressed only very low levels of LAMB1 under these culture conditions (Fig. 4A,B) . However, transfection with vectors expressing either COUP-TFI (Fig. 4A ) or COUP-TFII (Fig. 4B ) both resulted in induction of LAMC1 and LAMB1 (Fig. 4A,B) . Thus, both COUP-TFI and COUP-TFII are suf®cient to induce the expression of the genes coding for the b 1 and g1 subunits of laminin-1. In conclusion, our results show that COUP-TF I and II are both expressed in primitive endodermal cells and that the expression of genes coding for laminin subunits can be stimulated by either COUP-TF.
Materials and methods
Undifferentiated ES cells and EBs were cultured as previously described (Murray and Edgar, 2000) . Embryos were obtained by mating random-bred CD1 mice. Noon on the day of plug was taken as 0.5 days postcoitum. Laminin immunostaining was performed as previously described (Murray and Edgar, 2000) .
The sequence comprising nucleotides 1269±1838 of mouse COUP-TFI cDNA (Jonk et al., 1994) was ampli®ed by PCR with the primers AGCCATCGTGCTATTCACG and TTCTCACCAGACACGAGGTC, and nucleotides 431±1051 of mouse COUP-TFII cDNA (Qiu et al., 1994) was ampli®ed with GCAAGAGCTTCTTCAAGCG and GCTTCTCCACTTGCTCTTGG. Whole-mount in situ hybridization was performed as previously described (Leibl et al., 1999) , and the RT-PCR is described in detail in Murray and Edgar (2000) .
For transfection studies, mouse STO cells were plated at 50% con¯uency 1 day prior to transfection of the monolayer by the calcium phosphate coprecipitation procedure using 2 mg of plasmid in 750 ml of culture medium. RNA was extracted for RT-PCR analysis on the 5th day following transfection. The full-length coding sequences of mouse COUP-TFI and COUP-TFII (donated by Ming-Jer Tsai, Baylor College of Medicine) were sub-cloned from pBluescript II KS (Stratagene) into the EcoRI-XhoI sites of pcDNA3 (Invitrogen). The control vector was mitochondrial GFP in the EcoRI-XhoI sites of pcDNA3.
